t G de solides non-metalliques t e l s que l e chlorure dlargent, 1 'oxide de magnesium, I 'alumine, l e quartz e t l e s verres Na,O-CaO.
Un maximum de durete a p p a r a i t specifiquement, quand l e ~o t e n t i e l de ces s o l i d e s e s t nul. On a a t t r i b u e a c e t t e " c o r r @ l a t i o n -c " , l a s i g n i f i c a t i o n que l a charge de l a surface pouvait i n f l u e n c e r de faqon importance l a durete. A f i n d'examiner directement c e t t e o o s s i b i l i t e , on a donc mesure, dans une c e l l u l e e l e c t r o l y t i q u e , l a micro durete e t l a t a i l l e des rosaces de d i s l oc a t i o n sur l e s surfaces (0001) e t {1010} de l ' o x y d e de zinc, en f o n c t i o n du p o t e n t i e l applique du pH de 1 ' e l e c t r o l y t e e t du temps, chacun de ces f a c t e u r s m o d i f i a n t 1 ' 6 t a t de surface. Les r e s u l t a t s i n d iquent qu'un maximum de durete apparait, pour l e s deux surfaces d'oxyde de zinc, non oas quand l a charge de l a surface e s t n u l l e (comme on s ' y a t t e n d a i t ) mais p l u t d t quand e l l e e s t legerement o o s i t i v e (courbure de l a bande vers l e bas). Comme l e s i n t e r~r e t a t i o n s anterieures de l a cause de l a " c o r r e l at i o n -~" apparaissent maintenant inappropriees pour ZnO, on propose un a u t r e mecanisme mettant en j e u un @change de charges au voisinage des d i s l o c a t i o n s en mouvement, e n t r e l e s niveaux donneurs e t l a bande de conduction.
Abstract.-Past work has shown t h a t surface-active environments can i n f l u e n c e the hardness o f such nonmetal1 i c s o l i d s as s i l v e r chloride, magnesium oxide, alumina, quartz, and soda-1 ime glass. S o e c i f i c a l -1 y , a maximum i n hardness occurs when t h e 5-potenti a1 o f these s o l i d s i s zero. This "q-correl a t i o n " has been taken t o imply t h a t surface charge can markedly i n f l u e n c e hardness. To examine t h i s ~o s s i b il i t y d i r e c t l y , therefore, the microhardness and s i z e o f d i s l o c a t i o n r o s e t t e s on the (0001) and {10101 surfaces on ZnO were measured as a function o f a p~l i e d ~o t e n t i a l , e l e c t r o l y t e oH, and time i n an elect r o l y t i c c e l l --a l l o f which a l t e r surface charge. The r e s u l t s i n d i c a t e t h a t , f o r both ZnO surfaces, a maximum i n hardness i s produced n o t when t h e surface charge i s zero --as e x~e c t e d --b u t r a t h e r when the surface i s s l i g h t l y p o s i t i v e l y charged (downward band bending). Since e a r l i e r i n t e r p r e t a t i o n s o f the cause o f the "5-c o r r e l a t i o n " now appear t o be i n a p p r o p r i a t e f o r ZnO, an a l t e r n a t i v e mechanism i n v o l v i n g charge exchange between donor l e v e l s and t h e conduction band near moving d i s l o c a t i o n s i s suggested.
1. I n t r o d u c t i o n and approach.-The occurrence o f a maximum i n hardness a t zero c p o t e n t i a l has been demonstrated f o r a number o f non-metall i c materials, i n c l u d i n g AgCl /I/, YgO /2/, AI203/3/, q u a r t z /4-5/, soda-lime glass /6-lo/, and S i /11/. However, though several suggestions /4/ have been offered t o e x p l a i n t h i s "<-correlationu, no d e t a i l e d understanding has y e t been achieved. One feature common t o recent suggestions i s t h a t surface-active species adsorbed from d i l u t e e l e c t r o l y t e s a f f e c t t h e charge of t h e s o l i d surface, which i s revealed by changes i n t h e 5 p o t e n t i a l . This a l t e r a t i o n o f surface charge a, then, e i t h e r a f f e c t s t h e charge on p o i n t defects o r 
To examine the v a l i d i t y of t h i s b a s i c concept
we have r e c e n t l y examined t h e v a r i a t i o n o f hardness, H, w i t h a f o r t h e model m a t e r i a l , ZnO, f o r which the r e 1 ationsliips between o and near-surface e l e c t r o n i c band s t r u c t u r e are reasonably w e l l understood /12/.
I n t h i s c o n t r i b u t i o n , we summarize t h e r e s u l t s of t h i s work.
To c o n t r o l a, t h e t e s t c r y s t a l was made a work i n g electrode i n an e l e c t r o l y t i c c e l l , and the app l i e d p o t e n t i a l v a r i e d appropriately. For ZnO i n concentrated e l e c t r o l y t e s , the e l e c t r i c a l p i c t u r e i s as To determine the applied voltage necessary t o produce a = 0, i.e. t h e f l a t band p o t e n t i a l (FBP), t h e capaci tance-vol tage (C-V) technique used by Dewald /13/ was employed. The FB? was determined by measuring C, p l o t t i n g 1/C2 vs. V, and e x t r a p o l a t i n g t h e s t r a i g h t l i n e t o 1/c2 = 0. For f u r t h e r experiment a l d e t a i l s , see reference /12/.
2. Observations and discussion.-Data from (0001) surfaces are presented i n f i g u r e 1 f o r pH = 8.5 and 11.5. I n both instances, a maximum i n hardness occurs a t --lo0 mV. The existence of t h i s maximum was confirmed by etch p i t studies o f the extent o f dislocat i o n motion, L, around hardness indentations. I n t h i s case, L was a minimum a t --I00 mV.
BIAS VOLTAGE RELATIVE TO CALOMEL (mV)
fl : : ; rface These, and t h e data o f f i g u r e s , 1 and 2 demonstrate t h a t the microhardness o f a ZnO c r y s t a l can be s i g n if i c a n t l y changed by a l t e r i n g i t s surface charge v i a an applied p o t e n t i a l . Thus, the existence o f a r e l at i o n s h i p between surface charge and hardness, presumed i n e a r l i e r work o f chemomechanical e f f e c t s , i s now v e r i f i e d f o r t h e ZnO-aqueous e l e c t r o l y t e sys-J . S . Ahearn et al. C6-175 tem.
O f more p a r t i c u l a r i n t e r e s t , however, i s the observation t h a t the data o f t a b l e I reveal t h a t maxima i n hardness, Hmax, occur not a t the FBP, b u t a t p o t e n t i a l s producing a s l i g h t l y p o s i t i v e surface charge on both (0001) and (10IO) surfaces. Thus, a lthough the r e s u l t s confirm the importance o f surface charge i n chemomechanical e f f e c t s , they do not --a t l e a s t f o r ZnO --confirm the < -c o r r e l a t i o n as e a r l i e r conceived, namely t h a t hardness maxima occur when and experiment can be achieved by s e l e c t i n g AE =
